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Effects of mild hypothermia on Bcl-2,Bax and C- fos protein expression and cell apoptosis after cerebral is-
chemia/reperfusion injury in rats WU Guoxiang * , LI Chengyan, LI Tao, LI Xiaoging. ™ Department of Neurolo-
gy, Renmin Hospital, Wuhan University, Wuhan 430060, China

[ Abstract] Objective To observe the effects of mild hypothermia on Bel-2,Bax and C- fos protein expres-
sion and apoptosis of the injuried nervous cell after focal cerebral ischemia/reperfusion injury in rats. Methods
Models of focal cerebral ischemia/reperfusion injury were prepared by 2 hours of occlusion followed by 6 hours of
reperfusion of the middle cerebral arteries( MCA) in rats. TUNEL and immunohistochemical technique were used to
examine the apoptotic cell rate and the level of Bel-2,Bax and C- fos protein expression in the sham- operated group,
the control group and the mild hypothermia group, respectively. Results The level of Bel- 2 protein expression
(63.48 £0.47) % was significantly higher in the mild hypothermia group than that in the control group(P <0.05).
The level of Bax and C- fos protein expression(6.13 £0.93% ,5.09 £0.21% ) and the apoptotic cell rate were sig-
nificantly lower in the mild hypothermia group than those in the control group(P <0.05). Conclusion The de-
creased level of Bax and C- fos protein expression and the increased level of Bcl-2 protein expression in rats of hypo-
thermia group may be closely related to the decreased rate of cell apoptosis after cerebral ischemia/reperfusion injury.

[ Key words] Mild hypothermia; Cerebral ischemia/reperfusion injury; Bel-2; Bax; C-fos; Apop-

tosis

MEAFA, SEAR R AT 5 1 2 0 L 0 T A P 2
Syt A LA BT VR RO BIF T PR 2 — . ASSEER WL
AR Ak PR SR A I P T 05, Bel - 2 Bax
I C- fos £ IR B AR T 40 M 7 o0 R0 A2 4L
FHRDF Bel- 2 Bax Hil C- fos 8 3K -5 HATHi i 28
MM TRIEAR

HES A ®

— I ERH

fat R SD KB 30 M KE 170 ~230 ¢, Rt
ABRFARAC0 H L AIHA 8 mm, KMt z)
iR AR FBANEBHZE) XFREZ (10 H ) ik 2 b, 757

LT H WAL BT+ FBOETH ¥R B (No. 2001 AA307B)

YEH M7 430060 BRI KFE AR ER L NE (R ERE RS,

ERORELLICE )

T 6 h) AR ZH (10 H, Wk i 2 h, FEE 0
13 6 h, 3 AE ik e 1f 5 Sz BT 865 S AR, ELERSE
8h).

= BB R A AT Ak B

R R A R A A BRI Mg v sl ik P 2 P
TR e 1l e Sz R BB TR A B
H L SR IR 75 S 8] 249 4 30 min, HLAE R B R
Fa e A HI7E (33 £1)°C, FF5E 8 h i, 7 BV B8 Jj i
KB, Ik B

v NS

N T U K R B Vs e fR TS A T WD 5 4%
13, 35 5 E T 5 40 10% AR R SO [ E 24 h
PAE BOP TR R, B R K 3% B i o R
YIRS pm

U A 2 AL 27346 Bel - 2, Bax il C- fos



- 606 - A P 2

SEE 8 2002 4F 10 A5 24 %55 10 ] Chin J Phys Med Rehabil, October 2002 , Vol. 24, No. 10

EESuy S

AR Y) & H NS K AR S, £ SABC 1%
(Strept- Avidin - Biotin Complex, SABC) %3 21 414k 2%
A& (A B = i) &2 Bel-2  Bax #1 C- fos 8
HEFRRAKT, BB S IR SABC gl 2414k
A S U BT, WA T A BB AR
MRS A FAVE AR A, Bk U0 k10 S EA R
H R FE AT (< 400) , 1550 FH A4 240 R 5 A B 4 40 P 4%
FEH R PR BHAER = PR (P40 +
FAPEANIED) x 100% ] o

. TUNEL 24600 4 1= 40 i

AU R 2 AOK S, BT 0. 3% ot AL &)
o ZEE R T AR R 30 min, B 20 R TR IR
(DU A A A= ) R S T A i, HARERAE DT
LA M TR &, AR T

( x400) BEHE 6 A~ ELAT AR A9 A0 BT, 1155 BH 1 400 it
(B NGO RAR O ) BUMBA PR M %k, IF 11530
oA 2R [ T4 R = PR sy (BadE
Y EEL + B AR EL) x 100% ],

NG

B LIS £ B 2E (= 25) R R ¢ Kk,

# R

BRF AR X R S WAK IR 4 Bel- 2 Bax , C - fos
RS AERFE T4 A R A (R 1) AT,
XTREZLRY C- fos 85 1 I8 FH R AH T 40 i &1 73 3 B
RS TRFARACP <0.01) ; WAKIRL Y Bel- 2
FIRBHE R B IR R TR (P <0.05) , 1M Bax
C- fos £ 123K BHPEZE R T 40 i & 40 232 W] 0 AL T X
B (P <0.05),

R 1 34 Bel-2 Bax.C- fos & A F B BHM R AP T- T R L (% £5,% )

4 5l i Bel- 2 IR LBAMR Bax [k BHMER C- fos R IR ILBHPER T4 E %
BFEARA 10 0 0 0.15 +0.013 0.5+0.1
papiiskicl 10 20.72 +0.95 19.62 +0.79 18.82 +0.68* 50 £7%
WA IR L 10 63.48 £0.477" 6.13 £0.93” 5.09+0.217 4237
K S TFARLLE, P <0.01; 2 544 4, P <0.05
it w B ERE RIS C- fos B 2k, 1T RE H i i1

240 6L 40 T R R AR ) 200 M PN TR T T B
(O e P PEANMIAE T R A A —Fh A= B 2SRy
“HBEART AT . HETRE A S T AL A R
LAEFREIe UL RN AL, VR PSR, N Bk
PHEEA 5 24 ar e R IR A5 2 Al 56 & NO iy
WZHENFIFRZSS THIRM ARG H C- fos IR
PR VB SHRO M e A T R A2 H, C- fos
PR BN T2 i 240 B X e i B ) U R AR
JITEL C- fos 23 RIS 7F 5 Mk dofe 16 FE-08E 3 463 £ ) 400 e
AR PRI B — ITURT 15 e , 2 DA AR il of Ji 5 57
CESG T FUSCR B9 — RO 5 1. AR R AESE o,
AR T ARG I 200 14087 A QA 464, 5 5 I 41 24 R
BRI 52 BG4 s B LN 2 2L A TS e L B 7, DA Tk
A AR NO A PR R R 1 7™ A A A
RAFHBURO5 0 2 A0 A P TR T AR S s
TS R BRI A I ke 1, PR VE B C - fos S
IS PHPE R AP T R TR ARA (P <
0.05) , % 5 SCHRAE ARAF ) 5[] e ikt 158 9, i e
PHETERII 5T C- fos I RIBIE £, JET -5 20
T2 o R T e, RIS 1 e i 1R A 45 3, AR S
Z5RAR B AR AL C- fos B 113K B APH -
2R 3 AR 0] A ] A ARG X 4R s ARG TR 4 M

P T 5 FHLH 2 —

Bel-2 2 A=W el A0 08 1, RE 41 H A A7
], BV E—Fh P A T AN, Bax /& Bel-2 HEHE
R BY, H T RE A A2 1 41 AR 8 T, RO PR 2 0 A O T 3
B, P LB G PRI ek, W (B (Bel - 2/
Bax ) B4 K 1 40 M A7 35 , I =2 ) S8 it =70
WHYEHE A, Bax & A 32 23S , b ST 1) 2ok Ak
HMERER | 5 R AR B T A A, el
TR 75 508 T 85 1 DAL Ak ) B R i 2 v, O
PATHT- R Bel-2 ALY Bax 455 Bel- 2/
Bax 5 K, BH 1E Bax i AR AR SRS R4k
R BB PN Ca®t 1Y A Rk S FI A AL I
JRORZSEE L 7 R I T, AT &, K RUR AL
PRSI I P FE P03 5 Bel- 2 Bax & [ 3834 [ 26 0
JRT-40M B R Y B T, R T AR LA DL Bel - 2
Bax 1 P26k, 3% 5 DAA: SCRkRGE AL AR
TR Bel - 2 3 (A A TE R0 B & T X3R4, 17 Bax
P AR BE P S RN U T 41 B E 43R B A R A
R Bel- 2/Bax FUAE B B & X REAH, bR, O
i e i P EE T 05 7T | Bel- 2l Bax &K A5, A
SCRkAE R, Bel-2 2K 135 R S HLARST B i 1 ik
P —Fp B R HLE], 5 2 AR SR 45 ek 25 20
Mg T, @MF ALt WL E B A T4 X



rhAE Y P BE 2 5 A 2K 2002 4F 10 %5 24 45:%5 10 1 Chin J Phys Med Rehabil, October 2002, Vol. 24, No. 10

- 607 -

A AE S IEH SNG40 0 A= BRIESET- A 2 &R . @WAKIR
A Bel- 2 AR R Bax 5 AR50l e Ht
W U I T 8 55— 4 AL

SN2, AR U0 1) A R ke i P Y 05 S5 Bax
C- fos TR XFLHE Bel- 2 B, Al g5 TR
DI R 2 A M T

2 % X #

1 Gavrieli Y, Sherman Y, Ben- Sasson SA. Identification of programmed
cell death in situ via specific labeling of nuclear DNA fragmentation. J
Cell Biol, 1992, 119 493-494.

2 Takei N, Endo Y. Ca?* ionophore- induced apoptosis on culture embry-
onic rat cortical neurons. Brain Res, 1994, 652. 65-70.

3 Jacobson MD. Reactive oxygen species and programmed cell death.
Trends Biochem Sci, 1996, 21 83-86.

4 Maier CM, Sun GH, Kunis D, et al. Delayed induction and long- term
effects of mild hypothermia in a focal model of transient cerebral ische-
mia; neurological outcome and infarct size. J Neurosurg, 2001, 94.:90-
96.

5 Maier CM, Ahern K, Cheng ML, et al. Optimal depth and duration of

mild hypothermia in a focal model of transient cerebral ischemia: effects
on neurologic outcome, infarct size, apoptosis, and inflammation.
Stroke, 1998, 29.:2171-2180.

6 Isenmann S, Stoll G, Schroeter M, et al. Differential regulation of Bax,
Bel-2, and Bel- X proteins in focal cortical ischemia in the rat. Brain
Pathol, 1998, 8:49-62.

7 Schabitz WR, Sommer C, Zoder W, et al. Intravenous brain- derived
neurotrophic factor reduces infarct size and counterregulates Bax and Bcl
-2 expression after temporary focal cerebral ischemia. Stroke, 2000 ,
31.2212-2127.

8 Shimizu S, Narita M, Tsujimoto Y. Bel-2 family proteins regulate the
release of apoptogenic cytochrome ¢ by the mitochondrial channel
VDAC. Nature, 1999, 399.483-487.

9 Reed JC, Zha H, Aime- Sempe C, et al. Structure- function analysis of
Bel-2 family proteins. Regulators of programmed cell death. Adv Exp
Med Biol, 1996,406:99-112.

10 Linnik MD, Zahos P, Geschwind MD, et al. Expression of Bel-2 from a
defective herpes simples virus - | vector limits neuronal death in focal
cerebral ischemia. Stroke, 1995, 26.:1670- 1675.

11 Chen J, Graham SH, Chan PH, et al. Bcl-2 is expressed in neurons
that survive focal ischemia in the rat. Neuroreport, 1995, 6:394-398.

(Wicki H $91:2002- 08- 01)
(ARICHAHE . B2 2)

BESIBETOEARAEABREBER 12 4

HH R EHA

B A 1992 4F 10 A ik, HLiif7.0EFAR 5 031 4, 5
R HEAU(2ATA, B 2 A6 KSR ) W67 O IEAR G SR E B
12 ), Hr 558 4, 2 4 ] 2 M ~53 25 KLbIRAR
J& 7 Bl ( R AL B AR S 5 6, 2 B R 5 A
IWIEEARNG 16, Z2 + SO & A5 1 6,
SEUIRARE 5 B (5 AR IR UBEARIA ARG 4 1], EEUEAMR G 1
B, ik 12 Fl AR R B A, O IEF R R R SMIE
ARG AR Ik, VA ST & I R Wi v

FREIRYT RHZ AMRZSSINE, E770.2 MPa(2ATA) ,
30 min x2 + 10 min J5 %, BPEE I 4 60 min, H AR EL 10 min,
JIIE 45 25 min, 3120 min, A H 1K, JFE0FEE S R 0E
PR A e hn e

SEL L RRTE 24 h WERZIRA, B 72 h FHEARTR,
JaTE fEE L IF K IE 2 H 167 B, & A, DFEIRIT 1
W, ZN10 K, i1 WIRyT#E 2 B, 510 & 1 6, 12 il
NGRS (7 41.66% ), 28 3 Bl (15 25% ) , I8 2 4 (
16.67% ) , o3& 2 B( /5 16.67% ) . EARES3.33% .

THE A ZENIE K2R BRI A 867 AN [R) 1 = A
AR BRER . shfik A= S AR ZE R JaRebit Hp X 1) S8 SR AR Ak 2 dt
B OLAREAR , ARE 0] T3 R B Sk ANAE , AR 12 Bl A3 2
A S FEIR ISR 2 WA, 5 HAthRs R 1 S A i A 2
AFEE, R ECE R EOIEFAR T R AN —F RSN L,

YE& B0 250031 TFRE , D A 25 DXL s o v T AR

W SEN RS

JB T RUE AU IR b B 5 00 25 18 K N A= fir

e R AR H AR URE S R A R0 i 2 — R TIR
PROEARIEE SCH: - Sy e e, S IR A I, R R B
FEITHUR L o e BRI R AT AT 45 i O A GEAR
PR/, Al A AR R U I R T B @ - S A
SRE AT , TR I53% 0L A BEL 2 , A2 3 1 30 5 ) o 4% 1 4
ST T ISR HCRE D00 o | A A 2 DX i SRR 2 e i
DIREMIZ ; OWAR /K i | B AR A , o s ik £ Qs 52 18

IFERSER G 24 h INIRYT H R 208, UL W1 e
J AR TR ORI  BCZ RS EAOR B2 S O
FAERRZ MRS TCAL, AL 2 BlIRYY E N F ARG I &
ZNEARDIRETE IR B, LR IR k1T JORUR A 47 TR 4
7 ORI E R Z

FRFA Bt MR 2% 18, 12 0] B ok B85 3R 7 i 1 9 %
0.2 MPa(2ATA) JAFEAF 7A%, A R3IK 83.33% o I3 —
AT LI TR I OCHETE T, 2= T 28 UR LRSI
WA T — T

2 £ X #t

1 IMERL, T4 IR IZ WK 6 A An e, Jbat ARZERE 1
fitt,1987.373.

( Wk B 497:2002- 03- 03)

(AU B2 )



	2002010 29.pdf
	2002010 30.pdf
	2002010 31.pdf

